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(54) THREE-DIMENSIONAL INPUT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a three- 
dimensional input device which can find accurate three- 
dimensional pictures by improving the SN ratio of light 
receiving data outputted from an image sensor, such as 
the MOS type image sensor, etc., that can make 
nondestructive readout. 

SOLUTION: A three-dimensional input device is provided 
with a light projecting means which projects detecting 
light upon an object, a scanning means which optically 
scans the object by deflecting the projecting light of the 
detecting light, and an image pickup device which has a 
three-dimensional image picking-up surface, receives 
the detecting light reflected by the object, and 
photoelectrically converts the received detecting light. 
The input device is also provided with a control means 
which controls the image pickup device to output a 
plurality of photoelectrically converted signals having 
different charge storing time with respect to each 
picture element and a selecting means 75 which selects 
unsaturated one out the photoelectrically converted signals. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A floodlighting means to irradiate detection light at a body, and the scan means for 
deflecting the direction of radiation of said detection light, and scanning said body optically. The 
image pickup device which receives and carries out photo electric conversion of said detection 
light which has a two-dimensional image pick-up side, and was reflected by said body, The 
three-dimension input unit characterized by having the control means controlled to output two 
or more photo-electric-conversion signals with which the storage times of a charge differ said 
image pickup device mutually about each pixel, and a selection means to choose the photo- 
electric-conversion signal which has not been saturated among said two or more photo-electric- 
conversion signals. 

[Claim 2] Said control means is a three-dimension input unit according to claim 1 controlled to 
continue a charge storage to the 2nd storage time further while performing destructive read to 
said image pickup device, if the 1st storage time passes. 

[Claim 3] Said selection means is a three-dimension input unit according to claim 1 or 2 which 
chooses a photo-electric-conversion signal with the longest storage time among the photo- 
electric-conversion signals which have not been saturated. 

[Claim 4] A floodlighting means to irradiate detection light at a body, and the scan means for 
deflecting the direction of radiation of said detection light, and scanning said body optically. The 
image pickup device which receives and carries out photo electric conversion of said detection 
light which has a two-dimensional image pick-up side, and was reflected by said body. The 1st 
photo-electric-conversion signal whose storage time of a charge is predetermined time amount 
T/n [ pixel / each ] about said image pickup device, The control means controlled to output the 
2nd photo-electric-conversion signal whose storage time of a charge is the n times as much 
time amount T as said 1st photo-electric-conversion signal, The three-dimension input unit 
characterized by having an operation means to calculate using a signal n times the magnitude of 
said 1st photo-electric-conversion signal when said 2nd photo-electric-conversion signal is not 
saturated and said 2nd photo-electric-conversion signal is saturated using said 2nd photo- 
electric-conversion signal. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the three-dimension input unit which irradiates 

slit light or spot light at a body, and measures a body configuration by non-contact. 

[0002] 

[Description of the Prior Art] Since high-speed measurement is possible for the three-dimension 
instrumentation system of the non-contact mold called a range finder compared with a contact 
mold, it is used for the visual recognition of the data input to CG system or a CAD system, a 
somatometry, and a robot etc. 

[0003] Slit light projection (it is also called an optical cutting method) is known as the suitable 
measurement approach for a range finder. This approach is an approach of scanning a body 
optically and obtaining a three-dimension image (depth map), and is a kind of the active 
measurement approach which irradiates a specific detection light and photos a body. A three- 
dimension image is the set of the pixel which shows the three-dimension location of two or more 
parts on a body. In slit light projection, straight-line-like slit light is used for a cross section as a 
detection light. Image formation of the slit light reflected by the body is carried out to the image 
pick-up side of a photo sensor (an image pickup device, image sensors). 
[0004] 

[Problem(s) to be Solved by the Invention] In such a range finder, the quantity of light of the slit 
light received by the photo sensor changes with objective reflection factors. Therefore, if the 
charge storage time of a photo sensor is fixed to predetermined time amount, when a reflection 
factor is high, the output of a photo sensor will be saturated. With this, conversely, when a 
reflection factor is low, there is a problem that the output of a photo sensor is too low and an 
SN ratio worsens. 

[0005] On the other hand, in order to search for an objective three-dimension configuration 
(distance distribution), it is necessary to detect correctly the light-receiving location or light- 
receiving timing of slit light. These people proposed the configuration which detects correctly a 
light-receiving location or light-receiving timing by performing a center-of-gravity operation 
based on the sensor output outputted over order location-wise or in time (JP.7-1 74536.A, JP,9- 
145319.A). To perform a center-of-gravity operation, the output of a photo sensor needs to be 
exact, but when an SN ratio is bad as mentioned above, or when the output of a photo sensor is 
saturated, an exact center-of-gravity operation cannot be performed. 

[0006] Slit light is projected once, and he obtains the output of the photo sensor at that time, 
and was trying to set up the suitable storage time conventionally to this problem based on that 
output. However, since it was the storage time common about all the pixels of a photo sensor, 
the objective reflection factor of the storage time set up by doing in this way was locally low, or 
when high, the above-mentioned problem had still produced it. 

[0007] This invention was not made in view of the above-mentioned problem, and aims at 
obtaining the output which has not been saturated from an image pickup device. Furthermore, it 
aims at obtaining the good output of an SN ratio from an image pickup device in invention of 
claim 3 and claim 4. 
[0008] 

[Means for Solving the Problem] A floodlighting means by which the equipment concerning 
invention of claim 1 irradiates detection light at a body, The scan means for deflecting the 
direction of radiation of said detection light, and scanning said body optically, The image pickup 
device which receives and carries out photo electric conversion of said detection light which has 
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a two-dimensional image pick-up side, and was reflected by said body, It has the control means 
controlled to output two or more photo-electric-conversion signals with which the storage times 
of a charge differ said image pickup device mutually about each pixel, and a selection means to 
choose the photo-electric-conversion signal which has not been saturated among said two or 
more photo-electric-conversion signals. 

[0009] Said control means is controlled by the equipment concerning invention of claim 2 to 
continue a charge storage to the 2nd storage time further while performing destructive read to 
said image pickup device, if the 1st storage time passes. 

[0010] With the equipment concerning invention of claim 3, said selection means chooses a 
photo-electric-conversion signal with the longest storage time among the photo-electric- 
conversion signals which have not been saturated. A floodlighting means by which the equipment 
concerning invention of claim 4 irradiates detection light at a body. The scan means for 
deflecting the direction of radiation of said detection light, and scanning said body optically, The 
image pickup device which receives and carries out photo electric conversion of said detection 
light which has a two-dimensional image pick-up side, and was reflected by said body, The 1st 
photo-electric-conversion signal whose storage time of a charge is predetermined time amount 
T/n [ pixel / each ] about said image pickup device, The control means controlled to output the 
2nd photo-electric-conversion signal whose storage time of a charge is the n times as much 
time amount T as said 1 st photo-electric-conversion signal, When said 2nd photo-electric- 
conversion signal is not saturated and said 2nd photo-electric-conversion signal is saturated 
using said 2nd photo-electric-conversion signal, it has an operation means to calculate using a 
signal n times the magnitude of said 1st photo-electric-conversion signal. 

[0011] In addition, in this specification, when "nondestructive read" reads light-receiving data 
from an image pickup device, unless a reset signal is given separately, it means the read-out 
approach that the light-receiving data (charge) remains in an image pickup device as it is. 
[0012] 

[Embodiment of the Invention] Drawing 1 is the block diagram of the instrumentation system 1 
concerning this invention. The instrumentation system 1 consists of a three-dimension camera 
(range finder) 2 which performs solid measurement by slit light projection, and a host 3 who 
processes the output data of the three-dimension camera 2. 

[0013] The three-dimension camera 2 outputs data required for the two-dimensional image and 
calibration the color information on Body Q is indicated to be with the measurement data which 
pinpoint the three-dimension location of two or more sampling points on Body Q. A host 3 bears 
data processing which searches for the coordinate of a sampling point using a triangulation 
method. 

[0014] A host 3 is the computer system which consisted of CPU3a, display 3b, keyboard 3c, and 
mouse 3d etc. The software for measurement data processing is built into CPU3a. Between a 
host 3 and the three-dimension camera 2, data delivery of the gestalt of both online and the off- 
line by the archive medium 4 of a portable mold is possible. As an archive medium 4, there are a 
magneto-optic disk (MO), a mini disc (MD), a memory card, etc. 

[0015] Drawing 2 is drawing showing the appearance of the three-dimension camera 2. 
Floodlighting aperture 20a and light-receiving aperture 20b are prepared in the front face of 
housing 20. Floodlighting aperture 20a is located in the bottom to light-receiving aperture 20b. 
The slit light (band-like laser beam of the predetermined width of face w) U which the internal 
optical unit OU injects faces to the body for measurement (photographic subject) through 
floodlighting aperture 20a. phi is immobilization whenever [ radiation angle / of the die-length 
direction M1 of the slit light U ]. A part of slit light U reflected on the surface of the body carries 
out incidence to the optical unit OU through light-receiving aperture 20b. In addition, the optical 
unit OU is equipped with the biaxial adjustment device for rationalizing the relative relation 
between a floodlighting shaft and a light-receiving shaft. 

[0016] The zooming carbon buttons 25a and 25b, the manual focusing carbon buttons 26a and 
26b, and the shutter carbon button 27 are formed in the top face of housing 20. Like drawing 2 
(b), attachment-and-detachment opening 30a of a liquid crystal display 21, the cursor carbon 
button 22, a select button 23, Cancel button 24, an analog output terminal 32, the DITARU 
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output terminal 33, and an archive medium 4 is prepared in the tooth back of housing 20. 
[0017] A liquid crystal display (LCD) 21 is used as the display means and electronic finder of an 
actuation screen. A photography person can set up photography mode with each carbon buttons 
21-24 on the back. From an analog output terminal 32, a two-dimensional picture signal is 
outputted in the NTSC format. The digitized output terminal 33 is for example, a SCSI terminal. 
[0018] Drawing 3 is the block diagram showing the functional configuration of the three- 
dimension camera 2. The continuous-line arrow head in drawing shows the flow of an electrical 
signal, and the broken-line arrow head shows the flow of light. The three-dimension camera 2 
has two optical system, the floodlighting side which constitutes the above-mentioned optical unit 
OU, and a light-receiving side, 40 and 50. In optical system 40, by passing the floodlighting lens 
system 42, the laser beam which is the wavelength of 685nm which semiconductor laser (LD) 41 
injects serves as the slit light U, and is deflected with a galvanomirror (scan means) 43. The 
driver 44 of semiconductor laser 41, the drive system 45 of the floodlighting lens system 42, and 
the drive system 46 of a galvanomirror 43 are controlled by the system controller 61. 
[0019] In optical system 50, the spectrum of the light condensed by the zoom unit 51 is carried 
out by the beam splitter 52. Incidence of the light of the oscillation wavelength band of 
semiconductor laser 41 is carried out to the image sensors 53 for measurement. Incidence of the 
light of a visible band region is carried out to the color sensor 54 for monitors. Image sensors 53 
are MOS mold sensors, and the color sensor 54 is a CCD area sensor. The zoom unit 51 is an 
inner ** type, and a part of incident light is used for auto focusing (AF). AF function is realized 
by the AF sensor 57, the lens controller 58, and the focusing drive system 59. The zooming drive 
system 60 is formed for electric zooming. 

[0020] The image pick-up information by image sensors 53 is stored in memory 63 through a 
selection circuitry 75 synchronizing with the clock from a driver 55. Moreover, image sensors 53 
are controlled by the control signal from a driver 55 so that nondestructive read of light- 
receiving data is performed, consequently the light-receiving data S (T/4) whose storage time of 
a charge is T/4, and light-receiving data [ which is the 4 times as many time amount T as this ] 
S (T) are outputted. 

[0021] The image pick-up information by the color sensor 54 is transmitted to the color 
processing circuit 67 synchronizing with the clock from a driver 56. An online output is carried 
out through the NTSC conversion circuit 70 and an analog output terminal 32, or it quantizes in 
the digital image generation section 68, and the image pick-up information which received color 
processing is stored in the color picture memory 69. Then, color picture data are transmitted to 
the SCSI controller 66 from the color picture memory 69, and an online output is carried out 
from the digitized output terminal 33, or it matches with measurement data, and is stored in an 
archive medium 4. In addition, a color picture is an image of the same field angle as the depth 
map by image sensors 53, and is used as reference information on the occasion of the 
application process by the side of a host 3. There are processing which generates a three- 
dimension geometric model as processing using color information combining two or more sets of 
measurement data with which camera views differ, for example, processing which thins out the 
unnecessary top-most vertices of a three-dimension geometric model. A system controller 61 
gives the directions for displaying an alphabetic character and a notation suitable on the screen 
of LCD21 to the character generator which is not illustrated. 

[0022] The output-processing circuit 62 has the amplifier which amplifies the photo-electric- 
conversion signal of each pixel g which image sensors 53 output, and the AD translation section 
which changes a photo-electric-conversion signal into light-receiving data (8 bits or 10 bits). 
From the output-processing circuit 62, the light-receiving data S (T/4) and light-receiving data 
S (T) are outputted as digital value. 

[0023] A selection circuitry 75 performs the next processing to the light-receiving data S (T/4) 
and light-receiving data S (T). That is, when light-receiving data S (T) is not saturated, light- 
receiving data S (T) is outputted, and when light-receiving data S (T) is saturated, data 4 times 
the magnitude of the light-receiving data S (T/4) are outputted. A selection circuitry 75 is 
equivalent to the selection means in this invention. About the detail of the configuration of a 
selection circuitry 75, and actuation, it mentions later. 
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[0024] Memory 63 is the memory with the memory capacity of 200x32x33Byte which can be 
written, and memorizes the light-receiving data outputted from the output-processing circuit 62. 
Memory control circuit 63A performs writing to memory 63, and addressing of read-out. 
[0025] The center-of-gravity arithmetic circuit 73 computes the data used as the radical for 
generating the shade image corresponding to the configuration of the body for measurement, and 
outputting to the memory 74 for a display based on the light-receiving data memorized by 
memory 63, and computing a three-dimension location, and outputs them to the memory 64 for 
an output. The shade image memorized by the memory 74 for a display, the color picture 
memorized by the color picture memory 69 are displayed on the screen of LCD21. 
[0026] Drawing 4 is the mimetic diagram showing the configuration of the floodlighting lens 
system 42. Drawing 4 (a) is a front view and drawing 4 (b) is a side elevation. The floodlighting 
lens system 42 consists of three lenses, a collimator lens 421, the BARIETA lens 422, and the 
expander lens 423. Optical processing for obtaining the suitable slit light U in the following order 
is performed to the laser beam which semiconductor laser 41 injected. First, a beam is made 
parallel by the collimator lens 421. Next, the beam diameter of a laser beam is adjusted by the 
BARIETA lens 422. Finally a beam can extend in the slit die-length direction M1 with the 
expander lens 423. 

[0027] Irrespective of photography distance and the field angle of photography, the BARIETA 
lens 422 is formed in order to carry out incidence of the slit light U of three or more width of 
face for two or more pixels to image sensors 53. According to directions of a system controller 
61, a drive system 45 moves the BARIETA lens 422 so that the width of face w of the slit light U 
on image sensors 53 may be kept constant. The BARIETA lens 422 and the zoom unit 51 by the 
side of light-receiving interlock. 

[0028] By extending slit length before the deviation by the galvanomirror 43, distortion of the slit 
light U can be reduced compared with the case where it carries out after a deviation. Arranging 
the expander lens 423 in the last stage of the floodlighting lens system 42, i.e., by bringing close 
to a galvanomirror 43, a galvanomirror 43 can be miniaturized. 

[0029] Drawing 5 is the principle Fig. of calculation of the three-dimension location in an 
instrumentation system 1. In order to make an understanding easy, only five batches are shown 
by this drawing about the sampling of light income. 

[0030] The slit light U with width of face wide in comparison which becomes two or more pixels 
on the image pick-up side S2 of image sensors 53 is irradiated at Body Q. Specifically, width of 
face of the slit light U is considered as 5 pixels. It deviates from on drawing 5 toward the bottom, 
and Body Q is scanned by it so that the slit light U may move only the 1 -pixel pitch pv on the 
image pick-up side S2 for every sampling period. From image sensors 53, the light-receiving data 
S (T/4) and light-receiving data S (T) are outputted for every sampling period. The 2nd frame F 
(T) to which these outputs are set to the 1 st frame F (T/4) which consists of light-receiving 
data S for one frame (T/4) about one effective light-receiving field Ae from light-receiving data 
[ for one frame ] S (T) is outputted. That is, the light-receiving data for a total of two frames will 
be outputted. In addition, the deviation at this time is performed with constant angular velocity in 
fact. 

[0031] If one pixel g of the image pick-up side S2 is observed, in this operation gestalt, the light- 
receiving data of 32 batches will be obtained by 32 samplings performed during a scan. It asks 
for the timing (the time amount center of gravity Npeak or center of gravity ip) to which the 
optical axis of the slit light U passes through the body front face ag of the range at which the 
attention pixel g glares by the center-of-gravity operation to the light-receiving data of these 32 
batch. 

[0032] The front face of Body Q is a flat surface, and when there is no noise by the property of 
optical system, as shown in drawing 5 (b), the light income of the attention pixel g increases in 
the timing which the slit light U passes, and usually becomes close to normal distribution. As 
shown in this drawing, when light income is max to the timing between the n-th time and eye a 
time (n-1) in front of one of them, the timing is mostly in agreement with the time amount center 
of gravity Npeak. 

[0033] The location (coordinate) of Body Q is computed based on the relation between the 



file://C:¥Documents and Settings¥oonishi¥My Documents¥JPOEn¥JP-A-2000-1 ... 2007/04/24 



JP-A-2000-105111 



7/23 ^— v 



direction of radiation of the slit light in the time amount center of gravity Npeak searched for, 
and the direction of incidence of the slit light to an attention pixel. This becomes measurable 
[ resolution higher than the resolution specified in the pixel pitch pv of an image pick-up side ]. 
[0034] In addition, it depends for the light income of the attention pixel g on the reflection factor 
of Body Q. However, phase contrast of each light income of a sampling is fixed irrespective of 
the absolute magnitude of light-receiving. That is, the shade of the object color does not 
influence measurement precision. 

[0035] Drawing 6 is drawing showing the read-out range of image sensors 53. As shown in 
drawing 6 , read-out of one frame in image sensors 53 is performed only for the effective light- 
receiving field (band-like image) Ae which is a part of image pick-up side S2, in order to attain 
not the whole image pick-up side S2 but improvement in the speed. The effective light-receiving 
field Ae is a field on the image pick-up side S2 corresponding to measurable range d' (refer to 
drawing 1 4 ) of the body Q in exposure timing with the slit light U, and is shifted every 1 pixel for 
every sampling period with the deviation of the slit light U. With this operation gestalt, the 
number of pixels of the shift direction of the effective light-receiving field Ae is being fixed to 32. 

[0036] As stated above, the MOS mold sensor is used as image sensors 53, and random access 
is possible. Therefore, only the required pixel of image pick-up data can be chosen partially, and 
read-out can be performed at a high speed, without reading an unnecessary part. 
[0037] Drawing 7 is the mimetic diagram of the configuration of image sensors 53. Image sensors 
53 are image pickup devices of the so-called X-Y address scanning-type which specify each 
pixel g of the image pick-up side S2 in order, and read light-receiving information, and read-out 
of the range of arbitration is possible for them by control of the switch corresponding to each 
pixel g. Rhine sequential read-out is performed by generally inputting a shift signal into the digital 
shift register which constitutes the vertical-scanning circuit 531 and the horizontal scanning 
circuit 532 to predetermined timing. Rhine is a horizontal pixel train. In this operation gestalt, it is 
a direction equivalent to the main scanning direction in the scan of Body Q horizontally, and is 
the direction which corresponds in the direction of vertical scanning (the deviation direction of 
slit light) perpendicularly. However, since the sense of arrangement of image sensors 53 can be 
changed according to the configuration of optical system, its perpendicular direction here does 
not necessarily correspond with the direction of a vertical in real space. 

[0038] In image sensors 53, the scan initiation set register 533 which gives the register initial 
value which shows scan initiation Rhine to the vertical-scanning circuit 531 is formed, and read- 
out of the above-mentioned effective light-receiving field Ae (band-like image) is realized by 
this. 

[0039] It is directed in inputting the data signal sgnl showing a scan starting position, and the 
data signal sgn2 showing a scan termination location into the scan initiation set register 533 the 
photography image (band-like image) of the effective light-receiving field Ae of which location is 
read. Moreover, nondestructive read is performed by inputting separately the read-out start 
signal gstt and reset-signal grst. That is, a charge storage is continued until nondestructive read 
is performed and reset-signal grst is inputted after that by inputting the read-out start signal 
gstt. 

[0040] Moreover, since the number of bits of a data signal sgnl will increase if the number of 
pixels of the image pick-up side S2 increases, it is desirable to form the decoder 534 of a data 
signal sgnl, after that an input terminal decreases. It means that the scan starting position and 
the scan termination location were set by carrying out the parallel transfer of the contents of 
the scan initiation set register 533 to the vertical-scanning circuit 531 at the time of read-out 
initiation. 

[0041] Read-out of a band-like image is performed by repeating a vertical scanning rather than 
repeating a horizontal scanning. First, image sensors 53 output a photo-electric-conversion 
signal from the pixel train which consists of a pixel of 33 (= 32+1) individual perpendicularly 
located in a line by performing a vertical scanning from a starting position to a termination 
location [ 1 of the train arranged by meeting horizontally train ]. However, it is a photo-electric- 
conversion signal for 32 pixels to be set as the object of storing to memory 63. Then, the train 
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which performs read-out is horizontally shifted by 1 pixel, a vertical scanning is performed [ two 
trains ], and the photo-electric-conversion signal for 33 pixels is outputted. The band-like image 
of the location specified by repeating such actuation is outputted. 

[0042] By performing read-out in the above way, read-out of one frame is completed by time 
amount (line count of the several/all field of the line to read) far shorter than the case where 
the image of all the fields of the image pick-up side S2 is read. 

[0043] The reason for performing read-out of the range for 33 pixels perpendicularly located in a 
line is as follows. To image sensors 53 being reset after that and starting the following charge 
storage, if light-receiving data S (T) is read when the storage time is set to T, are recording of a 
charge continues and the field which was not then read is performed. Although it will be 
satisfactory if the object of read-out of next time is the same field, when reading a different 
field, the image information from which the storage time differs by read-out of the n~th time and 
eye a time (n+1) will be intermingled. Namely, in the three-dimension measurement by optical 
projection, the required effective light-receiving field Ae of read-out shifts in the direction of 
vertical scanning (perpendicular direction of an image pick-up side) with the deviation of the slit 
light U. Therefore, the image of the field read by overlapping by the n-th time and eye a time 
(n+1) receives that the image of the storage time to read-out of eye a time is read from the last 
(the n-th time) read-out this time (n+1). The image of the field newly read to this time by the 
shift of the effective light-receiving field Ae will turn into an image which continued from the 1st 
photography and carried out photo electric conversion. Then, in this operation gestalt, a read- 
out object domain is set as a field required for this time, and the field which includes the both 
sides of a field required for next time. By carrying out like this, about the field which needs read- 
out, a charge storage will surely be cleared by last time next time, and the problem of capturing 
the image which consists of a pixel from which the storage time differs can be avoided. 
[0044] Drawing showing the relation of a Rhine and a frame and drawing 9 -1 1 are drawings 
showing the light-receiving data storage condition of each frame in memory 63. [ in / in drawing 
8 / the image pick-up side S2 of image sensors 53 ] 

[0045] As shown in drawing 8 , the light-receiving data for 32 (Rhine)x200 pixels from Rhine 1 to 
Rhine 32 are contained in the frame 1 which is a frame of the beginning of the image pick-up 
side S2. A frame 3 is shifted from Rhine 3 for a frame 2 by one line for every frame like until 
Rhine 34 from Rhine 2 to Rhine 33. A frame 32 is from Rhine 32 to Rhine 63. In addition, one line 
is made into 200 pixels as mentioned above. 

[0046] The image data by which a sequential transfer is carried out from a selection circuitry 75 
is memorized by memory 63 in the condition which shows in drawing 9 . That is, in memory 63, 
they are frames 1 , 2, and 3. — Light-receiving data are memorized in order. 

[0047] The data of one line of Rhine 32 included in each frame are shifted [ frame / 1 ] at a time 
up for every frame like the 31st line about the 32nd line and a frame 2. Memory's 63 storage of 
the light-receiving data from a frame 1 to a frame 32 performs calculation of the time amount 
center of gravity Npeak about each pixel of Rhine 32. 

[0048] While the operation about Rhine 32 is performed, the light-receiving data of a frame 33 
are transmitted to memory 63, and are memorized. As shown in drawing 10 , the light-receiving 
data of a frame 33 are memorized to the next field of the frame 32 of memory 63. Memory's 63 
storage of the data of a frame 33 performs calculation of the time amount center of gravity 
Npeak about each pixel of Rhine 33 included by the frame 33 from these frames 2. 
[0049] While the operation about Rhine 33 is performed, the light-receiving data of a frame 34 
are transmitted to memory 63, and are memorized. As shown in drawing 1 1 , the light-receiving 
data of a frame 34 are overwritten by the field to which the frame 1 was memorized. It is 
because the data of a frame 1 are processing settled, so they do not interfere at this time even 
if it eliminates them by overwrite. Memory's 63 storage of the data of a frame 34 performs 
calculation of the time amount center of gravity Npeak about each pixel of Rhine 34. After the 
processing about the light-receiving data of a frame 34 finishes, the light-receiving data of a 
frame 35 are overwritten by the field to which the frame 2 was memorized. 

[0050] Thus, calculation of the time amount center of gravity Npeak about a total of 200 lines is 
performed to Rhine 231 which is last Rhine. As mentioned above, since new light-receiving data 
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are overwritten and memorized to the field which became needlessness one by one among the 
light-receiving data memorized by memory 63 and by which the data storage was carried out, the 
capacity of memory 63 is reduced. 

[0051] The center of gravity ip memorized by the memory 74 for a display is displayed on the 
screen of LCD21. In relation to the location of the front face of the body Q for measurement, 
when the location of the front face of Body Q is close to the three-dimension camera 2, the 
value of a center of gravity ip becomes large, and when far, as for a center of gravity ip, the 
value of a center of gravity ip becomes small. Therefore, distance distribution can be expressed 
by displaying a shade image by using a center of gravity ip as concentration data. 
[0052] Next, it explains together with the procedure of measurement of actuation of the three- 
dimension camera 2 and a host 3. As mentioned above, the number of sampling points of 
measurement is set to 200x262. That is, the number of pixels of the cross direction of the slit U 
in the image pick-up side S2 is 262, and substantial frame number N is 231. 
[0053] Looking at the color monitor image which LCD21 displays, a user (photography person) 
decides a camera location and the sense, and sets up a field angle. Zooming actuation is 
performed if needed in that case. Diaphragm adjustment to the color sensor 54 is not performed, 
but the color monitor image exposure control was carried out [ the image ] by electronic shutter 
ability is expressed as the three-dimension camera 2. This is for making [ many / as possible ] 
the amount of incident light of image sensors 53 by making a diaphragm into an open condition. 
[0054] Drawing showing data flow [ in / in drawing 1 2 / the three-dimension camera 2 ], the flow 
chart which shows the procedure of a three-dimension location operation [ in / in drawing 13 / a 
host 3 ], and drawing 14 are drawings showing each point of optical system, and relation with 
Body Q. 

[0055] According to the field angle selection actuation (zooming) by the user, migration of the 
BARIETA section 514 of the zoom unit 51 is performed. Moreover, focusing the hand control by 
migration of the focusing section 512 or automatic is performed. Distance dO between objects 
near in process of focusing It is measured. 

[0056] It is computed in response to the lens drive of such a light-receiving system by the 
arithmetic circuit which the movement magnitude of the BARIETA lens 422 by the side of 
floodlighting does not illustrate, and migration control of the BARIETA lens 422 is performed 
based on a calculation result. 

[0057] A system controller 61 reads the output (the amount Ed of deliveries) of focusing 
encoder 59A, and the output (zoom unit value fp) of zooming encoder 60A through the lens 
controller 58. In the interior of a system controller 61, the distortion aberration table T1, the 
principal point location table T2, and image distance table T3 are referred to, and the 
photography condition data corresponding to the amount Ed of deliveries and the zoom unit 
value fp are outputted to a host 2. Photography condition data here are a distortion aberration 
parameter (lens distortion correction factors d1 and d2), the before side principal point location 
FH, and the image distance b. The before side principal point location FH is expressed with the 
distance of the before [ the zoom unit 51 ] side edge point F, and the before side principal point 
H. Since the front side edge point F is immobilization, the before side principal point H can be 
specified with the before side principal point location FH. 

[0058] A system controller 61 calculates the output (laser reinforcement) of semiconductor laser 
41, and the deviation conditions (a scan initiation angle, a scan termination angle, deflection angle 
rate) of the slit light U. This calculation approach is explained in detail. First, near distance dO 
between objects As that in which a flat-surface body exists, an angle~of-projection setup is 
performed so that the reflected light may be received in the center of image sensors 53. Pulse 
lighting for the calculation of laser reinforcement explained below is performed by this set-up 
angle of projection. 

[0059] Next, laser reinforcement is calculated. Since the body may be measured on the occasion 
of calculation of laser reinforcement, the consideration to safety is indispensable. First, pulse 
lighting is carried out by the minimum reinforcement LDmin, and the output of image sensors 53 
is incorporated. The ratio of the signal [Son (LDmin)] and correct level Styp which were 
incorporated is computed, and the temporary laser reinforcement LD 1 is set up. 
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[0060] LD1=LDminxStyp/MAX [Son (LDmin)] 

Then, pulse lighting is again carried out by the laser reinforcement LD 1, and the output of image 
sensors 53 is incorporated. If the incorporated signal [Son (LD1)] is a value near correct level 
Styp or it, LD1 will be decided to be the laser reinforcement LDs. In other cases, the temporary 
laser reinforcement LD 1 is set up using the laser reinforcement LD1 and MAX [Son (LD1)], and 
the output and correct level Styp of image sensors 53 are compared with them. A temporary 
setup of laser reinforcement and the check of propriety are repeated until the output of image 
sensors 53 serves as a value in tolerance. In addition, incorporation of the output of image 
sensors 53 is performed for the whole surface of the image pick-up side S2. This is because it is 
difficult to presume the light-receiving location of the slit light U with high precision in the 
passive distance calculation by AF. The reset time of CCD in image sensors 53 is 1 field time 
amount (for example, 1 / 60 seconds), and is longer than the reset time at the time of actual 
measurement. For this reason, a sensor output equivalent to the time of measurement is 
obtained by performing pulse lighting. 

[0061] Next, triangulation determines the distance d between objects from the light-receiving 
location of the slit light U when it is decided that laser reinforcement will be angle of projection. 
At the end, deviation conditions are computed based on the determined distance d between 
objects. On the occasion of calculation of deviation conditions, the offset doff of the Z direction 
of the before [ the light-receiving system which is the ranging reference point of the distance d 
between objects ] side principal point H, and the origin A of floodlighting is taken into 
consideration. Moreover, in order to secure the same measurable range d' as a center section 
also in the edge of a scanning direction, it is made to perform the overscan of the specified 
quantity (for example, 8 pixels). The scan initiation angle th1, the scan termination angle th2, and 
the deflection angle rate omega are expressed with a degree type. 

[0062] th1=tan-1 [betaxpv (np [ / ] 2+8) +L/(d+doff)] x1 80/pith2=tan-1 [- betaxpv (np / 2+8) 
+L/(d+doff)] x180/piomega=(th1-th2)/npbeta: Image pick-up scale factor (=d / effective focal 
distance freal) 

number of effective pixels L: of the direction of Y of the pv:pixel pitch np:image pick-up side S2 
— the base length — move to this luminescence next on the conditions computed by doing in 
this way, and the scan (slit projection) of Body Q should be performed, and pass the output- 
processing circuit 62, above-mentioned memory 63, and the above-mentioned center-of-gravity 
arithmetic circuit 73 — the data D62 memorized by the memory 64 for an output are sent to a 
host 2. The equipment information D10 which shows the specification of deviation conditions 
(deviation control data) and image sensors 53 etc. to coincidence is also sent to a host 3. Table 
1 gathers the main data which the three-dimension camera 2 sends to a host 3. 
[0063] 

[Table 1] 











I x i 200X200 xi3bit 
Si «xi 200X200 X18bit 








0. 000—200. 000 
0. 00—300. 00 




iTOoiBMJc <*mvm X, Y;£fr) 
■fe^lnUJRc'y f-p u, pv 

MfejlJ: ffe 

l/^XpHij&di, d2 


1— 

— 0. 00516 — 
0. 00— ±90. 00 
0. 00— ±300. 00 

0. 00—256. 00 




RzfU-y 512X512 X8bit 
G-?U-> 512X512 x8bit 
B^U-> 512X512 x8bit 


0—255 
0—255 
0-255 



[0064] Like drawing 13 , in a host 3, three-dimension location data processing is performed and 
the three-dimension location (coordinates X, Y, and Z) of 200x200 sampling points (pixel) is 
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calculated by this. A sampling point is an intersection of a camera look (straight line which 
connects a sampling point and the before side principal point H), and a slit side (optical axial 
plane of the slit light U which irradiates a sampling point). 

[0065] In drawing 13 , it judges whether total sigmaxi of xi first sent from the three-dimension 
camera 2 has exceeded the predetermined value (#11). Since many errors are included when xi is 
small (i.e., when total sigmaxi for slit Mitsunari does not fulfill predetermined criteria), calculation 
of a three-dimension location is not performed about the pixel. And the data in which "an error" 
is shown are set up and memorized about the pixel (#17). Since sufficient precision is acquired 
when sigmaxi has exceeded the predetermined value, calculation of a three-dimension location is 
performed. 

[0066] In advance of calculation of a three-dimension location, the passage timing nop of the slit 
light U is computed (#12). The passage timing nop calculates (sigmai-xi)/(sigmaxi) about i=1~32, 
searches for a center of gravity ip (time amount center of gravity Npeak), and is computed by 
adding a line number to this. 

[0067] That is, since the computed center of gravity ip is the timing in 32 frames from which the 
output of the pixel is obtained, it is changed into the passage timing nop from scan initiation by 
adding a line number. Specifically, a line number is set [ pixel / of Rhine 32 computed first ] to 

33" about "32" and next Rhine 33. Whenever one Rhine of the attention pixel g progresses, one 
line number increases. However, these values can be considered as other suitable values. In case 
the reason computes a three-dimension location, it is because the angle of rotation (thel) of the 
circumference of the X-axis in the below-mentioned (6) types which are a multiplier, the angular 
velocity (the4) of the circumference of the X-axis, etc. can be appropriately set up by the 
calibration. 

[0068] And three-dimension location calculation is performed (#13). The computed three- 
dimension location is memorized to the memory area corresponding to the pixel (#14), and same 
processing is performed about the following pixel (#16). After the processing about all pixels 
finishes, it ends (# being 15 yes). 

[0069] Next, the calculation approach of a three-dimension location is explained. Camera look 
equations are the following (1) equation and (2) equations. 
(u-uO) =(xp)=(b/plutonium)x [X/(Z-FH)] — (1) 
(v-vO) =(yp)=(b/pv)x [Y/CZ-FH)] — (2) 

b: The pixel location vO of the perpendicular direction in the horizontal main pixel location 
v:image pick-up side in the horizontal pixel location u0:image pick-up side in the pixel pitch 
u:image pick-up side of the perpendicular direction in the horizontal pixel pitch pv:image pick-up 
side in a before [ image distance FH: ] side principal point location plutoniumrimage pick-up side : 
the main pixel location slit side equations of the perpendicular direction in an image pick-up side 
are (3) equations. 
[0070] 
[Equation 1] 



Icos(the3) -sin(the3) 0 1 f , 

sin(the3) cos(the3) 0 

0 0 1 J I-, 

•[ 



cos(the2) 0 sin(the2)l 

0 1 0 

sin(the2) 0 cos(the2) J 



1 0 0 

0 cos(thel+the4 ■ nop) -sin(thel4-the4 • nop) 
0 sin(thel+the4 • nop) cos(thel + the4 • nop) 



■Bit 




[0071] It depends for geometric aberration on a field angle. Distortion produces a main pixel i 
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the symmetry as a core mostly. Therefore, the amount of distortion is expressed with the 
function of the distance from a main pixel. Here, it approximates with the 3rd function of 
distance, dl and the 3rd correction factor are set to d2 for the secondary correction factor. 
Pixel location u' after amendment and v' are given by (4) The formula and (5) formulas. 
[0072] 

u'=u+d1 xt22 x (u-uO) / t2 +d2xt23 x (u-uO) / t2 — (4) 
v'=v+d1xt22 x (v-vO) / t2 +d2xt23 x (v-vO) / t2 — (5) 

t2=(t1)-2 t1=(u-uO)2+(v-vO) 2 In above-mentioned (1) type and (2) types, it can ask for the 
three-dimension location in consideration of distortion aberration by replacing with u, 
substituting u', replacing with v, and substituting v'. in addition — a calibration — Institute of 
Electronics, Information and Communication Engineers study group data PRU91-113 [geometric 
amendment of image which positioning of camera does not need] Onodera and Kanaya, and the 
Institute of Electronics, Information and Communication Engineers paper magazine — D— II 
vol.J74-D-II No. 9 pp.1 227-1 235 and' — 91/9 The [high precision calibration method of range 
finder based on three-dimension model of optical system] ****, Yoshimi, Oshima, etc. have a 
detailed indication. 

[0073] Next, the detail of the configuration of a selection circuitry 75 and actuation is explained. 
Drawing 15 is the block diagram showing the configuration of a selection circuitry 75. As shown 
in drawing 15 , a selection circuitry 75 consists of a switching circuit 751,756, memory 752, a 
counting circuit 753, a decision value circuit 754, and a comparator circuit 755. 
[0074] A switching circuit 751 uses as the light-receiving data S1 1 the light-receiving data S 
(T/4) of the 1st frame F (T/4) transmitted from the output-processing circuit 62, and sends 
them to a switching circuit 756 and a comparator circuit 755 at memory 752 by using light- 
receiving data [ of the 2nd frame F (T) ] S (T) as the light-receiving data S21. 
[0075] Memory 752 is the memory with the memory capacity of 200x32Byte which can be 
written, and memorizes all the light-receiving data S1 1. A counting circuit 753 computes the 
light-receiving data S12 of one 4 times the value of this to the light-receiving data S11, and 
sends them to a switching circuit 756. 

[0076] The decision value circuit 754 sets the decision value S23 used as the criteria of a 
saturation judging of the light-receiving data S21 as a comparator circuit 755. The example of 
the value of a decision value S23 is "255." 

[0077] A comparator circuit 755 compares the light-receiving data S21 with a decision value 
S23, generates the control signal CP 1 based on the comparison result, and sends it to a 
switching circuit 756. A control signal CP 1 controls a switching circuit 756 as follows. 
[0078] namely, — light-receiving — data — S — 21 — being saturated — **** — a case — 
**** — light-receiving — data — S — 21 — a switching circuit — 756 — minding — memory - 

- 63 — as it is — transmitting — [ — < — A HREF — = — " — / — Tokujitu/tjitemdrw . — 
ipdl?N — 0000 — = — 239 — & — N — 0500 — = ~ one — E_N — /— ; — > — = — > — ?- 
-: — > — > — > — /— /— /— & — N — 0001 — = — 521 -- & — N — 0552 — = — nine - 

- & — N — 0553 — = — 000021 — " — TARGET — = — "tjitemdrw" — > — drawing 1 7 — (- 

- D — ) — it can set — a continuous line — a part — reference — ] . When the light-receiving 
data S21 are saturated unlike this, the value which doubled the light-receiving data (T/4) S12 S, 
i.e., the light-receiving data of the 1 st frame F (T/4), four is transmitted to memory 63 through a 
switching circuit 756 [refer to the broken-line part in drawing 17 (D)]. 

[0079] Thus, it is judged whether it is saturated by whether light-receiving data [ about all the 
pixels of the 2nd frame F (T) ] S (T) has reached the decision value "255." When light-receiving 
data S (T) is not saturated and light-receiving data S (T) is saturated using light-receiving data 
S (T), a signal 4 times the magnitude of the light-receiving data S (T/4) will be sent to memory 
63 as light-receiving data (8 bits or 10 bits) S30. 

[0080] That is, the light-receiving data obtained from image sensors 53 can be read as a big 
value which cannot be easily influenced of a noise. For this reason, when a center-of-gravity 
operation is performed to the light-receiving data S30 and it asks for a three-dimension image, it 
can ask for an accurate three-dimension image. 

[0081] In addition, with the operation gestalt described above, although the storage time was set 
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as two steps of T and T/4, the storage time of much more phases may be set up. For example, 
T, T/2, T/4, T/8 or T, T/3, T/9, etc. can set up the storage time more than a three-stage, thus, 
the signal with the longest storage time among the signals acquired by the set-up storage time - 
- what is necessary is just to choose a signal with a high output level, if it puts in another way 
[0082] Next, with reference to drawing 16 thru/or 19, the light-receiving data S30 are outputted 
to light-receiving data S (T) and S (T/4) from a selection circuitry 75 using a concrete numeric 
value, and the processing in the case of performing a time amount center-of-gravity operation 
and a space center-of-gravity operation to the light-receiving data S30 is explained. 
[0083] The processing in the case of performing introduction and a time amount center-of- 
gravity operation is explained. Drawing and drawing 1 7 which show mutually different attention 
pixels [ in / in drawing 16 / the effective light-receiving field Ae ] g1 and g2 are drawing showing 
an example of distribution of the light-receiving data in each frame in case the storage times of 
a charge are T/4 and T to the attention pixels g1 and g2. 

[0084] Drawing in which drawing 1 7 (A) shows an example of distribution of the light-receiving 
data in each frame in case the storage time of a charge is T/4 to the attention pixel g1 , Drawing 
in which drawing 1 7 (B) shows an example of distribution of the light-receiving data in each 
frame in case the storage time of a charge is T to the attention pixel g1, Drawing in which 
drawing 1 7 (C) shows an example of distribution of the light-receiving data in each frame in case 
the storage time of a charge is T/4 to the attention pixel g2, and drawing 17 (D) are drawings 
showing an example of distribution of the light-receiving data in each frame in case the storage 
time of a charge is T to the attention pixel g2. 

[0085] If peak value performs a time amount center-of-gravity operation about the attention 
pixel g1 to the saturation value "255" of light-receiving data when quite small as shown in 
drawing 1 7 (A) when the peak value of the light-receiving data with which the storage time 
performed read-out after T/4 to the attention pixel g2 is 30 that is, the result of an operation 
obtained will become what has a bad precision. It is because the SN ratio of the attention pixel 
g1 is bad. 

[0086] In addition, if in charge of calculating the time amount center of gravity Npeak, for every 
pixel, the output (x) from the image sensors 53 within a predetermined period is sampled a fixed 
period, and the grand total sigma (x-i) of a product (x-i) with the timing (i) of the output (x) 
which is a sampling value, and a sampling, and grand total [ of an output (x) ] sigma (x) are 
computed. From these, time amount center-of-gravity Npeak=sigma(xH) /sigma (x) is computed. 
[0087] On the other hand, as shown in drawing 1 7 (B), as for the light-receiving data which 
performed read-out after T which is the 4 times as many storage time as this, peak value is set 
to 128 to the last read-out (the storage time T of a charge / 4) of the attention pixel g1. In 
addition, this "128" is about 4 times 30. 

[0088] Thus, an SN ratio becomes large rather than the light-receiving data S1 1 with which, as 
for the light-receiving data S21 with which the storage time performed read-out after T, the 
storage time performed read-out after T/4. moreover, as shown in drawing 1 7 (C), when the 
peak value of the light-receiving data with which the storage time performed read-out after T/4 
to the attention pixel g2 is 110 The same approach as having followed the attention pixel g1, i.e., 
the method of performing a time amount center-of-gravity operation using the light-receiving 
data S21 which performed read-out after T of the 4 times as many storage time as this to the 
last read-out (the storage time T of a charge / 4) of the attention pixel g2, is inapplicable as it 
is. It is because the light-receiving data S21 are saturated with Section SR to two or more 
frames as shown in the continuous line of drawing 1 7 (D) when it applies then. 
[0089] In this case, the value S12 which multiplied the light-receiving data S1 1 by 4 as a value of 
the light-receiving data S21 in Section SR is used. By carrying out like this, the light-receiving 
data with a large SN ratio also about the attention pixel g2 can be obtained. 
[0090] By performing processing mentioned above about the attention pixel of the arbitration in 
the effective frame Ae, the effect of a noise signal will become small and the result of the time 
amount center-of-gravity operation obtained can ask for an accurate three-dimension image. 
[0091] Next, the processing in the case of performing a space center-of-gravity operation is 
explained. Drawing and drawing 1 9 which show mutually different attention pixel trains [ in / in 
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drawing 18 / the effective light-receiving field Ae ] L1 and L2 are drawing showing an example of 
distribution of the light-receiving data in each frame in case the storage times of a charge are 
T/4 and T, respectively to the attention pixel trains L1 and L2. 

[0092] Drawing in which drawing 19 (A) shows an example of distribution of the light-receiving 
data in each frame in case the storage time of a charge is T/4 to the attention pixel train L1 , 
Drawing in which drawing 19 (B) shows an example of distribution of the light-receiving data in 
each frame in case the storage time of a charge is T to the attention pixel train L1, Drawing in 
which drawing 19 (C) shows an example of distribution of the light-receiving data in each frame 
in case the storage time of a charge is T/4 to the attention pixel train L2, and drawing 19 (D) are 
drawings showing an example of distribution of the light-receiving data in each frame in case the 
storage time of a charge is T to the attention pixel train L2. 

[0093] If a space center-of-gravity operation is performed about the attention pixel train L1 to 
the saturation value "255" of light-receiving data to the attention pixel train L1 when quite small 
when the peak value of the light-receiving data in each frame in case the storage time of a 
charge is T/4 is 30 that is, as shown in drawing 19 (A), precision will get bad [ the result of an 
operation ]. It is because the SN ratio of the attention pixel train L1 is bad. 
[0094] In addition, in calculating the space center of gravity Mpeak, the output (x) from image 
sensors 53 is sampled a fixed period. Corresponding to the timing of each sampling, the grand 
total sigma (x-i) of the product (x-i) of the location (i) and output (x) and grand total [ of an 
output (x) ] sigma (x) are computed about the pixel in predetermined light-receiving width of 
face. From these, space center-of-gravity Mpeak=sigma(x-i) /sigma (x) is computed. 
[0095] In this case, by reading the attention pixels g1 and g2 which the time amount center-of- 
gravity operation mentioned above explained by the way with the attention pixel trains L1 and 
L2, respectively, and changing them, the result of the space center-of-gravity operation 
obtained becomes what has the small effect of a noise signal, and it can ask for an accurate 
three-dimension image. 

[0096] In an above-mentioned operation gestalt, although the light-receiving data S (T/4) are 
outputted as the 1 st frame F (T/4) from image sensors 53 and light-receiving data S (T) is 
separately outputted as the 2nd frame F (T) by one frame by one frame The buffer memory for 
carrying out the sequential storage of the light-receiving data for each frame for every pixel may 
be prepared separately [ image sensors 53 ], and you may constitute so that the light-receiving 
data of each frame may be collectively outputted from the buffer memory. 

[0097] In an above-mentioned operation gestalt, although the light-receiving data S (T/4) whose 
storage time of a charge is T/4, and light-receiving data [ which is the 4 times as many time 
amount T as this ] S (T) are used, the storage time of a charge is able to replace with light- 
receiving data S (T), and to use light-receiving data, such as twice, 3 times, 6 times, and 8 times, 
to the light-receiving data S (T/4). In order to compute the light-receiving data S12 of a value 
according to those scale factors to the light-receiving data S1 1 in those cases, a data- 
conversion table may be used. 

[0098] In an above-mentioned operation gestalt, the three-dimension camera 2, a host 3, the 
whole instrumentation system 1 or the configuration of each part, the contents of processing or 
sequence, processing timing, etc. can be suitably changed in accordance with the main point of 
this invention. 
[0099] 

[Effect of the Invention] According to this invention, the output which has not been saturated 
from an image pickup device can be obtained. According to invention of claim 3 and claim 4, the 
good output of an SN ratio can be obtained from an image pickup device. 

[0100] Therefore, it becomes possible to raise the SN ratio of the light-receiving data outputted 
from the image sensors in which nondestructive read, such as MOS mold image sensors, is 
possible, and to ask for an accurate three-dimension image. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the instrumentation system concerning this invention. 

[Drawing 2l It is drawing showing the appearance of a three-dimension camera. 

[Drawing 3] It is the block diagram showing the functional configuration of a three-dimension 

camera. 

[Drawing 4 ] It is the mimetic diagram showing the configuration of a floodlighting lens system. 
[Drawing 51 It is the principle Fig. of calculation of the three-dimension location in an 
instrumentation system. 

[Drawing 6] It is drawing showing the read-out range of image sensors. 

[Drawing 7] It is the mimetic diagram of the configuration of image sensors. 

[Drawing 81 It is drawing showing the relation of the Rhine and the frame in the image pick-up 

side of image sensors. 

[Drawing 9 ] It is drawing showing the light-receiving data storage condition of each frame in 
memory. 

[Drawing 101 It is drawing showing the light-receiving data storage condition of each frame in 
memory. 

[Drawing 1 1] It is drawing showing the light-receiving data storage condition of each frame in 
memory. 

[Drawing 1 21 It is drawing showing the data flow in a three-dimension camera. 

[Drawing 131 It is the flow chart which shows the procedure of the three-dimension location 

operation in a host. 

[Drawing 1 41 It is drawing showing the relation between each point of optical system, and a body. 

[Drawing 151 It is the block diagram showing the configuration of a selection circuitry. 
[Drawing 16l It is drawing showing the attention pixel in an effective light-receiving field. 
[Drawing 1 7l It is drawing showing the example of distribution of light-receiving data in case the 
storage times are T/4 and T. 

[Drawing 1 81 It is drawing showing the attention pixel train in an effective light-receiving field. 
[Drawing 191 It is drawing showing the example of distribution of light-receiving data in case the 
storage times are T/4 and T. 
[Description of Notations] 

2 Three-Dimension Camera (Three-Dimension Input Unit) 

40 Optical System (Floodlighting Means) 

43 Galvanomirror (Scan Means) 

53 Image Sensors (Image Pickup Device) 

61 System Controller (Control Means) 

75 Selection Circuitry (Selection Means, Operation Means) 

Ae Effective light-receiving field (service area) 

S2 Image pick-up side 

U Slit light (detection light) 

Q Body 
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S (T/4) Light-receiving data (the 1 st photo-electric-conversion signal) 
S (T) Light-receiving data (the 2nd photo-electric-conversion signal) 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 6] 




[Drawing 14] 




[Drawing 5] 
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[Drawing 7] 
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[Drawing 1 5] 




[Drawing 8] 
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[Drawing 9] 
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[Drawing 121 
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£„ fc/cU -Y^-^-fe>-y-5 3©i5B©|fiJ*W^3fi 
©»^Ctr,Dr^JEnJ«|gr*S©-C. CCt'C5iI*|i) 

[0 0 3 8] ^y-S/Hz>-y- 5 3ttfct,>T«. 



(5) 4$M2000-10511 1 
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IUS§ 5 3 1 >f >^tby^ ^WM 

[0 0 3 9 ] j£SEH#Hz » h U * 5 3 3 NJ^tHI 
^{ig^^-r^-^m^s gn 1 . &Efi£2E*n'ftS£ 
fTT^-SMt^s gn 2£A2;T£C4-C. 4'©f4B© 

w^j^m^cA e ©j§i*& (^ttHtffo *gg*m-r*»* 

10 ft# g r s t 4 * tcA^T S C 4 tc«fc o . 

WL/^T*>ns. m&mLmm-^e s 1 1 

©^ ; £A^-r5c4tCcto^®^aiLW*>n > -e© 

Ifetc y -fe sr h ff g r s t &At) riB^fSW** 

[0040] *yt, JgftffiS2©Bi*^if^n-r6 4 7 r 

- $Hm s g n 1 © b* 9 h K*«i9iL 6©T\ A^4S^© 
iS^©±-Cr-^ff-^s g n 1 ©7^3- #5 3 4*iftW 
SctHUBa*&B^«:«, ££HMHs?hU 
^^5 3 3©^^Sil:^filsl8S5 3 1 fc30ijfig|-r 
20 s c 4 t^SriMSS[>'M7fiS*5t w h 3 tifc 
C4&C&&. 

[0 04 1 ] ^«BD«©S!fflL«. *^j£3E*«IOiI-r 
©t?«)&< 0 iM-TC 4 tc J: «5?f 5. *"T V 

© 1 5ija«:*tursii:^3£«rgBte{aa*^»7tes*r 

^C4-Cgjfi^(Sj(ca6^3 3 ( = 3 2+ 1 ) i@©SiS 
*» 6 tc 3 H*3«J/i» 6. 3fe«^}^ff # £ H^lT S . fcfc'l, 
^ * 'J 6 3 ^©t&tt©*flfc«:fc €>©« 3 2 iB3R^©^« 

30 lH3R»i/7 HS-tt. 2?iJaic^urgil^^tf-pT 

3 3 iBSR»©*«eftft^*m*rs. c©j: ^ nc»^ 
*tt*)ig-rc4-cj&3£3n/d4a©^iii«*Hi*-r 

So 

[0 04 2 ] W±©efiRrRffl U^y*? C 4CC<fc il t 

tis2 cD^RjaoHflt^ee^u-r o «s*hc^ 
i^na (K*iu-rtT©»/^«i«©ff») ti^u-A 

©S!UiU^5S7TSo 

[0 04 3 ] SiE^rifiJ(C^3 3iH^©$5ffl©^ttiU 
*tf0a*tt^©4to»)-C*S. -fj<-^>t5 3 
40 «. ^®H$F^T4^o/c4#CC^f ; -^S (T) 7&i 

SE*m$ns4. *■©»«:•; -by h$nr^©m^§?g 

S©«c*t U . •?■© 4 * Ki*tH?hW o fc« 
J|ttll©IS«gtttfbn4„ *leI©S!*aiU© 

U©«rfi]4 4 ttcK*Hib©^S&WJaiS^«A e ^ 
WLWSft (JS^ffi©giS^) K->7h-r5. b/c^ 
50 or. nlgi (n+ 1 ) |5IS4T?a*S.0'r^*HJ3n 



(6) 

9 

&*ma>wmttm (mag) <omm^h^m <n + 
mc<,m&mzftz>m.tmmm* i 0@©mf^£>M 

[0 04 4] i8l^^-^>t5 3©»<fcflSS2fC 

[ 0 0 4 5 3 0 8 tc jj*T J: 5 CC. aH*BBS2©*tO©7 
U-A-C&-57 U-A 1 KB. 7-f>l!!i^7-fy3 2 
*t©3 2 (7-f>) X2 0 OM^©^^--*^ 
$ft<5„ 7l/-A2«702i^7^>33^T 1 7 
U-A3«5^>33&»65-f>34*ri«r>^J:^tC. 20 
7 1 7 -{ h 7U-A3 

2«7-f>3 2*&7-f>6 3*Tt?*4. ttfc. ±M 

[0 046] jBlRIHig7 5*>6W^IEa634iSiii«f r - 
Hotc^-rwss-cy^t'j 6 3CCiSlfit3nS Q 

0. 1/6 3 SCtt, 2. 3-©mfCSit 

[0047] S7 U-AtC^*ft£-5 <f>3 2©r~£ 
«. 7U-AHCOI,iT(J3 2 7^>@, 
-Ot»Ttt3 1 7-f>@£l,»5J:5K:. 7U-AS4C1^ 30 

-A3 2$T'©Stct : -*-^*V ; &'J 6 3(CiBl£3ft£ 
£. >3 2©«Bi3RK:o| ( »r, !»Npeak 

©#ttj*^ft>n-&, 

[0 0 48] 7 > 3 2 J^l^iDlIWbntl^ 
fBJtC. y U-A3 3©**^-***^*'; 6 3&t$»13 

ftTiatestis. hi 0fC7n-r«fc5ic, 71/-A33© 

^*'J63©7U-A32©^0« 

tsttsnSo 7 u-A3 3©f*-*ai^*y 6 3tcffitfit 

Sft£5"Y>3 3©M^iCOl»r. BSIHJfi^N pea 

k©gta* s tf^ns„ 

[0049] ^>3 3tcoi»-c©si**stft>nr(,>* 

rate. 7l/-A34©f*f-f*5>t , J6 3{C$kj£3 
ft-CIBl£,3ft£o 01 1 KjjVr«fcS«:. 7U-A34© 
SJfef-fB. 7 1/-A1 ©iBtg3ftTt>fc«BitStC±» 
#3ft3o C©B#cS"CB7 U-A 1 ©f*-* UH&mftrX' 

7 U-A3 4©f r -f 6 3KiBlf.3*i€> 

£, 7-f>3 4 ©Silicic -ol^T, H#|fflS^N P e a k 50 



ftM 2000-105111 
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(DMBiWriotlZo 7U-A3 4©^f-^(CO^t 
©toSI^^-Si, 7 1/-A3 5©S7fef-W7U- 
A 2 ©IBtf. 3 ft r I » ic±# * $ ft i> . 
[0 0 5 0 ] C<D£51CLX. m&<D5<0-C*>Z>5 4 
>231i7, ^tt-2 0 0 ^ >#{COt*r©B#W«4> 
NpeakCWffbnS. ±ai©«fc5K:. ^*>;6 
3 ccsatft 3 ftteS^-f - £©5 ft , ' JS^gKfc o fcf 
- * ©IBtf. $ ft /cMi^cfr*!©^^- ■* «:±»* L T 

tattir * ©-c. ^t'j6 3 ©s»#« $ ft 

[0 0 5 1 ] mmm* * V 7 4 tCiEtfc$ftfcfi'l> i P 
tt, LCD 2 l©BSBtC^3ft4. i pB, ftl'J 
ft*©*f*Q©m©tiSK:WjlU ^i*Q©^S©{4 
K**3^7C*^-7 2CCittt»tB^tcM^ i p ©©#:*:&< 
anSteKAO i p©fil**>h3 < &S. L/c#o 

[0 0 5 2 ] #CCt. 3 &7C*M 72SWX h 3 ©ftfp 

*iti'J©Wi^*j-a-rui^-rs„ ±^u/cj:^tc, §t 

$J©-^> 7* >; > 2 00 x2 62itS. -rut) 

ft. ftff<® s 2 Kfctnx v v v u<omn\P\ammmt 

26 2"C*D. mWmUV U-A«Ntt2 3 lt^S. 
[005 3] ^- If- (»S5#) ». LCD2 1» 

afttafts&r*. -e©ie, &&<,c&cxx-$.> 

**8I<Wt5„ 3^c*y72-CB*7-b>t5 4(C 

HJ*«J1SPSftA:*7— =fc-5f«*s^3ftS. Cfttt. & 
«3«rM]Rtt«Sir<5C <t.CC <fcoT-M -iHz>1f 5 3© 

[0 0 5 4 ] 01 2«3^7C*^^2CC*iWSf r -*© 
Sn^iti, . 0 1 3 h 3 tC*»W £ 3 ^TcffiEiS 

#©^a^II®?:^-r 7a-? + -F, 014 l*3fe*3R© 
#*i»Qi©Bfl^^-r0-C4>^ o 

[0055] a— y-K«fc*iiiftjMR»ft; (x- s > 

^) CCt&CT. X-Al-5 h 5 l©^'JX-*aP5 1 
4©*£U)#mDft£. */c. 7 *-*^>^'gP5 1 2© 
®mz&Z> TOXtt&tt©:? * -/7^>y^tf*3ftS. 
7 * -*S/> ^©ilg-c*5*j«t-€-©*f!g!raiEf!ld o ^S'J 

^SftSo 

[0 0 5 6 ] c ©J; 9 ^c^tcS© u >X|g«j«:P¥i£:u 

T, S^fflJ©^* U x - ^ b >X 4 2 2 ©^ttS^0^ L 
&t»8iJUBlKK: «fc o T^ffl 3ft. f[ii,ISSKl^ut^ 
'Ji-^U>X4 2 2©j^«j»flffllWt>ftS. 
[0 05 7]->XrA3>FP-761iJ, U>X3> 
hD-758^lt, 7+-*i/>yi>3-^59 
A©tti^J (gOHJbiEd) R^X-5>yx>=f-^ 
60A©ttl^ (X-AglJ^ffif p) *K*jitP. isXy- 

A3> h a-5 6 l ©ftSB&cfc^-t, 

Tl, i*figf-7;H2. RCJf^BMIf— ^JUT 3 

**#JS 3ft. » «D tH U « E d S CXX- AjgjJ^ffi f p test 



WiEfc$id i, d2), wi*fi®FH, j&wmm 

bt*5, mffffJ^figF H«, X-Aa; »f h 5 1 © 
ftlMttbS F £ Huffl"J± * H £ ©SBIf 3 ft & „ tufBiJ^.^ 

f whse f * £ or . mm&stos. f h tc «t o m (Btt * 

[0 0 5 8 ] ^XfA3>hn-76 1 tt. ^2ff$U- 

(«wma. *i»7ft, m&ifimm ^nnr : 

*. C©*5£#ac*I¥L-<5ftWr3 0 £T\ fcfcJ:-?-© 

[0059] u— *rmm.&B.mt& m ■u—v&&<d 

»5£KfiRL-Ttt. Af*£§+$iJT £ iS^JJJ* -5 ©T . 

i nrA-;^,^Tl, -f ^ -JH» 5 3 ©tB^<&9( 0 
iitf. mO^/cM# CS o n (LDm i n ) ] t&JE 2 
l^<;US t y piCitfcJJHJU <K©U— •J'SfflSLD 1 

[0060] LDl=LDminxSt yp/MAX 
CS o n (LDm i n ) ) 

■fe>-y-5 3©tftfjfclK»3i£tr. IR^iA/Ucfi-sf CS o n 
(LD 1 ) ) ^JSiEu^l/S t y pX&*r1nLcmm~e 
LD 1 £U — *mm.LD siftfcS. fl&CDtite 
tct*. U-lfSftKLD liMAX (Son (LD1) } 
i»"CS©l/-fMLDieSl, ^-y-fe 3 
>1f5 3©tb^tMiEU^;US t y p t^ri:b*5T-2)„ -C 
^-^-te>tf-5 3©ffi;fi#8*gifiHrt©ffi£ttS*T. 

y»s©isia3£ias©ssK!<i:*ttoig-r. «c*i. 

-r^-y-fe>-9"5 3©UJ^©K0ii*«, Jl«fflS2© 



) 2 0 0 0 - 1 0 5 1 1 1 
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* <t*s«ioi>yt»-c*s. -M-^-te>-?5 3 tcfewsc 

CD©S»W1J KBSIffl (0iRtf 1/6 0 

80 -C*0. ^BR©it»JB*«:*5W&S^|fflJ:»}St». 
C©/c#>. ^•JUX.^T^tf ^Ciicj:0. Itfg'JBfiM 

[006 MXK, Sltti, tfSfctt***3EUfci 
#©*y^ h3feU©S^fig^6. =«*««:,*: 0*ttt 
IHIiElid*i*3e-rs. *ft(c. &5E3ft/c#4M§!§id 

) Utti, ^«1Sg^d©S'jgB»^^X'*^S^©m(fIiJ 

£*HiM©@AAi®Z^©t7t'j hdof f 

£*n-r&,, s/c, ^s^©j»c*j^-c4>*^g[5i 

l^«©*H»JnJflBffifJi«SHd' £SIf£T£/c&. j?fsai 

S. jtSEMtefc t h 1 , ^3c»7ft t h 2 . ffiffaftilg 

[0062] th^tan-' C/3x pv (n p/2 + 
8) + L)/(d + doff) ] xi 8 0/te 
th2-tan" 1 C~ £x p v (np/2 + 8) +L) 
) / (d + d off) } xi 80/tc 
o>= (thl-th2)/np 

0 : «fr<fg^ ( = d/mnttimm t r e a 1 > 

P v : BiXbTv 9 1 

n p : mmms 2<oY^<omnmmm. 

L : «M 

i*Q©^s <* y ? v&m ^f^n. ±at©tu^a 

UlSg 6 2 , y*'J6 3. SUfS'6SJ¥lIB 7 3 £gT tti 
M^t'J 6 4CCiEtft3*l/c^-*D 6 2j^*X h 2 ^ 

* -y -fe 5 3 ©<±«& i*%^-r»att« Diot. 

^iH-5£ftif-# =&*i»A:fe©-C*6, 
[0 0 6 3 ] 
[^1 ] 













200 X 200 xi3bit 
200X200 xl8bit 






111? 




0. 000—200. 000 
0. 00—300. 00 






:yrpu, p v 
(X. Y, Zfa^*)) 

(x, y, zis^[S]5 

SJRu 0, v 0 


1— 

—0. 00516 — 
0. 00— ±90. 00 
0. 00— ±300. 00 

0. 00—256. 00 






512X512 X8bit 
512X512 x8bit 
512X512 X8blt 


HI 
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[ 0 0 6 4 3 El 1 3©<fc5K:. *X h 3CCfcliTCJ, 3 

&3fctt«»!l#ia#£ff 3 cntcj:^r20ox2 

0 0 fflcoth > 7- > ( iEJR ) © 3 befits ( ffittl 

x, y, z) ^sns. •9->y>;>y.^«^^-7ti 

» (if >^ 'J > ^j££lfflffl^H i^'J 
•v hffi ( It > 7' >; > MM~$" £ X 'J ^ h#U©#$ili 

a) £©3&sr*s. 

• [0 0 6 5 3 El 1 3CC*5^T. *-T3^7C^^7 2*>6 

j&»£savfewr* (#11). x i *j/hsc»»^. 
* o x y byti&ftvmaz x i jWjfieoasatejfifcfr 

(#17). Ixi *J3f5effi*±Ielo"Ct» SW^tctt+ 

[0 0 6 6 3 3^7c(iJB©»W«:5fea-3-r. X'J-vhTfe 
U©jI*1£^ = >^'n o p^KtffiTS (#12). MM 
5 >£'n o pB. i = 1 —3 2&COIJT (Z i • x 
i)/(Ixi) £itHUTfi>l> i p (B#IMl>N p e 

(u-u 0) - (xp) 
(v-vO) - (y P ) 

b : flM 



mm 2 0 0 0 - 1 0 5 1 1 1 
14 



•. »«aatc*jw «.sa:^FS]©iamt:' v ? 

u : JtMtc*s^-2»7j<^|fi]©iii^{4S 
u 0 : »«jStCteWS7KWlfiI©^iS3Rfi[S 
the?: 



FH 
P u 
P v 



[00673 -r&tos. »ffl3hfct*iptt. -e©@j 
jR©aw3#»6 nt i> * 3 2 7 u - a^© # ^ 5 > ^t- 

6©il5S£ 5 >^*n o p tegj&TS. M;<tmaZ> 5 
-f tWffi3til>7^>3 2 ©BBRtcoi* 

Ttt r 3 2 J , &©5^>3 3Ko(,»t» r 3 3 J 
£. aglf?©?^^ 1 oJitfStC-y-f >S-^« 1 

C£a*nJ«BT**. ^©IMEfcUi. 3^?cfi[iB%»tH-rS 
RttC. %®XS>Z>W&<0 (6) SiCteWSXW®*)©!! 
fsft(thel) SO'X«JSDOftM ( t h e 4 ) 

a& *r+ , )z/i'—is3 >cc j: o awtcsa^-r £ c £ #t 

[0 0 6 8 3 •C-Ur3^7c(4a»Hi*tf ^ (# 1 3) . 

»ai3nfc3^7c(4s». *©a*{c*tisrsy*';«i 

tttCiBff L (#14) . #©iHJRScrH>T|5J«©««I* 

(#16). <sr©iH3R«:ot»r©ftiffi*«»fcS£ 

»7t5 (#15t^iX)„ 
[ 0 0 6 9 3 ^K, 3 ^7cfi§©^m^tCOC»TS»HJ 
T5. *>-5««R^S^«^© ( 1 ) aSRtf (2) 5£T 

(b/pu) x (X/(Z-FH) ) -(1) 
(b/pv) x CY/ (Z-FH) 3 - (2) 

vo : mmmctov zmm^faotp^mmiiLm. 
* y » ha^iis;« (3) 5£r&£. 

[0 0 7 0 3 




sin(the2)l 
cos(the2) j 

4 • nop) 
4 * nop) J 



[00713 &wiRmmfttciti&? mmmtpfc 

frCmmfrh<D3m<Dm&~cm.ZtiZ. ccttt, EMI 
© 3 5WW«T$fi<HT ^ . 2 ^©filliE^a* d 1 . 3 #©★ 

u' =u + dlxt2 J X( u -u0)/t2 
+ d2xt 2 3 x (u-u0) /t2 
v' = v + dlxt2 ! x (v-v0)/t2 
+ d 2 x t 2 3 x ( v - v 0) /t 2 



(4) SRi>' (5) St^ie>n6. 
[0 0 7 2 3 



(4) 
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t 2 = (tl)" ! 
t 1 = (u-uO) 
±M<0 ( 1 ) 5£&t>' (2) SWcfeCvC. utCK^Tu' 

«K&£^iaLfc3;K^f4iB*3fc»*C 
fc . + +• 'J ^ U - is a > K r H+fiS$BM{f^ 
ffl5S#i«¥4 P R U 91-113 [ tt * -5 ©feg&& © i » & & I » 
ffl{fi©g|{5]^Ki*$j£] /MJ# • flfrHS«jI{i^£ 

f&XISD-II vol. J74-D-II No. 9 pp. 122 7-12 3 5, '91/9 

fits* + v 7u-is 3 >•&] • • fti'jc 

[0073]*K. iMtRlsISS7 5 ©*»J&&C>'»)fF©l«i 
tc-3t»rttiW-r*. HI 5«iMlRlaI8g7 5©«/jJc*7jVr 

tt. 7s -i v =HS887 5 1. 756, ^t'J 7 52. 
1188 7 5 3 . «fil[5]Sg7 5 4 . R^ttRlelK? 55* 

[0 0 74] 7^4 -J ^[HIgS7 5 1 B. ttl^MillllSg 6 2 
* 3 6K13niI17U-AF (T/4) ©STcr-^ 

s (T/4) sfcs^f 1 -^ s i i iury^y 7 5 2 

fc. I27b-AF (T) ©tS^if- ? S (T) 
f-!S!S2 1iirx^ J ^|1S§ 7 5 6 RZfmmffi 7 
5 5 tCiig-5>„ 

[ 0 0 7 5 ] 7 5 2 «, 2 0 0X3 2 By te© 

2S 1 l©£T*ietfrr.&. 8WHaS&7 5 3«. StEt 1 
- 5? S 1 1 CCM U 4 te©fB©S7c:r- * S 1 2 £ Jfffl 
U -yf-mffil 5 6Kitt& 0 

[0 0 7 6 ] #iJSffl@!S7 5 4 « . * S 2 1 © 

ffia&mvmmttji zmmms 2 3 ^irbe?iHisg7 5 5 k 
tasrra. fij^ffis 2 3©ffi©*»«ii r 2 5 5 j -ca 

£. 

[0 0 7 7] It&m&l 5 5 ». Sftr- * S 2 1 «b *t| 
5£ffiS 2 3 ££it$£U *©Jt«ttJ|l«:*-3t»fcWliiPf3 
fCPl%4)SU *-f?*@IS7 5 6 iCjlS. MQPft 
#CP1B. X » ?|p]5§7 5 6 £#©«* 5 &C$lj©T 
-So 

[0 0 7 8 ] Tttt)^. S*f-fS2 1 T^f&KIUTl* 
*l»»^CCW. §*f-^S2 1 ^[5]S8 7 5 6 

ZftLXjt*:v Q 3^<D$£tmrz> en 1 7 (D) 

ftfctf Sil«##.BSj . cft£jR&9. ^yfrr-Z S 

2 1 AsjaiFnun^tB^Ktt. gytf-zs 12, 0$ 

Of (T/4) ©§7^-* S (T/4) 

?r4fgL,/c{fi?rX'( r v*|n|gg7 5 6^lt^t'J 6 3 
^lEi*-r-5> CHI 7 (D) {cfe^^ttMia^M] . 

[0 0 7 9] C©<fc ^COT, I27I.-AF (T) © 
^TOiHSRtCOHTOS^-fS (T) tt. Jfiljeffi 

r 2 5 5 J tCjtU-CL»S*»S*»lCj:o"Cfia«IL"Cl»*3&> 

§wis^ns. gft^-^s (t) **ttfnurt»a 



(9) W2 0 0 0- 1 0 5 1 1 1 
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+ ( v - v 0 ) 1 

l»*B^tCtt. ^©St^-^S (T) 
f S (T) #fifnLTl,»&i§£W:tt. S (T 

/4 ) © 4 <&©** 3 ©{g-^. 8t?h Xtt 10t''; 
h©g#-^--*S 3 Oilt^^'J 6 3CcJHe.tl-2.Ci 

Stc t*- £ £ </ X©jR3B*s W £ u r 

10 K*m-rc c©/c&. s^f-fsaotc 

*H/-Ofcfr***tT t> 3^7ClHfli«:3Rai)fc»^tc, ffljg 
©J:C»3^7Ciii«i**»SC<!:*ST?*S. 

[008 n ttfe. ±tcM^^mfejf^r«, swB#r H i 

£T£T/4£©2iareK:K5£Ufc#. $6iC^<(DlS 
W©»«B#M*K£OT4>J:(,». m«. T, T/2, 
T/4, T/8. XttT, T/3. T/9&£\ 3l3Rf 

ictss! $ n/cg«B#ra iC ct o r ff 6 ft /tit -si© ^ ^ . ft 
[0 0 8 2 ] ;XCC, S 1 67!j^1 Q^^BSUT. S^;^ 

-fs (t) . s (t/4) icM&mtmmzm^T . 

iMiR[ElS§7 5*>6ft*9*-fS 3 0*ifcB^)3ft, 

S 3 0 ^^LTB$r B 1fi^iS»Sc>'^S^»^tf 
5JS-^©MiItCOl»TUiB3-r-2>„ 

[0 0 8 3 ] fijAtc, ^ms.^m«tT ^W^©Mffl«: 

OUTSETS. 13 1 6ttW»S*fiS«AetC*jWSS 

iHc^^^asiiiSg i . g2*;sm anttfti 

«2tC*fU«^f©SS»i^M*iT/4. Tf* 
30 &£*©&•? U-AicfcWSS^x-^©^©— fW4 

[0 08 4] mil (A) teftSHjSU 1 CC>t.tU«^© 

•f-^©^©— wii&T^-rEi, hi 7 (b) ttaaiasR 

tcfewss^-f ©^©— wi*7s-ria. ei 17 
(c ) «aaia^e 2 tc*f vmffi<o^m$WY / a v 

*^-TBI, 017 (D) te&gBjJKg 2<,mbmffi<DW 
40 aBIWTt*l>it ©& 7 b - A ^ ^, 5t3fc 7 s - y 

<o#m<o—m* fn-r m z> . 
[o o 8 5 ] h 1 7 (a) tc^-refc^fc. asia^g 2 

^LS»8#F H 1^ T /4^K^aiU^?fofc^7 r -^ 
©f-^fjg75S3 0©^, t-i'lBj&sSHKf- 
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